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Summary
Objective: Subchondral bone changes are thought to be an important aetiological element in the pathogenesis of osteoarthritis (OA). To
confirm this hypothesis in the meniscectomized (MNX) guinea pig model, bone densitometry was performed in the subchondral bone of the
distal femur.
Methods: MNX and sham-operated (SH) guinea pigs were studied 1 and 3 months after partial meniscectomy at the medial side of the left
knee. Bone mineral density was measured at the lateral (BMD-L) and medial (BMD-M) sides of the distal femur using dual-energy X-ray
absorptiometry (DXA). BMD-M was then compared to the bone volume evaluated by histomorphometry at the medial epiphyseal part of the
proximal tibia (BV-M).
Results: One month after operation, in MNX animals left femur BMD-M was significantly lower than in the contralateral femur (−9%, P<0.01)
and than in the left femur of SH (−11%, P<0.01). By contrast, 3 months after meniscectomy BMD-M was higher in the femur than in the
contralateral femur (+4%, P<0.05); BV-M tended to be higher on the left than on the right side (+4%, P<0.06), and was significantly
correlated with BMD-M at the 2 grouped time points: r=0.74 (P<0.001).
Conclusions: These data emphasize the usefulness of DXA as a simple tool to assess subchondral bone changes at the OA-affected side
of the femur and reveal typical variations of bone metabolism in the initiation of OA pathology in the MNX guinea pig: early bone loss at the
subchondral level followed by increased bone density. © 1999 OsteoArthritis Research Society International
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Osteoarthritis (OA) is a common affliction of aged human
and some animal species. It is characterized by the pro-
gressive destruction of articular cartilage and concomitant
changes in subchondral bone. Little is known about the
factors that initiate these processes and control their pro-
gression. Most studies over the past decades have focused
on destruction of the articular cartilage where the damage
was clearly visible. Although degradation of articular
cartilage is indeed the main feature of OA, some early
researchers of the disease implicated the subchondral
bone in exacerbating the degeneration of cartilage. In
particular, Radin et al. speculated that increased bone
mass and thickening of the subchondral bone may in fact
be the primary event of joint degeneration1 and later
proposed that increases in stiffness of the underlying bone
were associated with cartilage degeneration.2 A scinti-
graphic study was also consistent with a key role for
subchondral bone: using technetium-labelled bisphospho-
nate, Dieppe et al.3 demonstrated elevated bone re-
modeling in OA joints and reported that cartilage lesions do
not progress significantly in the absence of concomitant
activity of the bone. The study of this high bone turnover in
OA femoral heads showed that collagen metabolism is
increased with the greatest changes occurring within the466subchondral zone.4 Most of these studies were realized in
humans and focused on late and end-stage disease, which
reveals little about early dysregulation of cartilage and bone
turnover. However, a biochemical investigation of the circu-
lating levels of macromolecules released from cartilage and
bone during the early stage of OA in humans suggests that
pathological processes in cartilage and subchondral bone
coincide in OA.5 From this, there is an obvious interest in
studying early bone and cartilage events in animal models.
Many aged animal species, including the guinea pig,
develop spontaneous OA of the medial compartment of the
knee. This guinea pig pathology was described by Bendele
and Hulman6 and Meacock et al.7 detailing that aged males
(more than 6 months) of the Dunkin Hartley strain show
cartilage degeneration. In this species MRI studies
revealed changes in the subchondral bone as early as
2 months and prior to any obvious change in the articular
cartilage.8 Using X-radiography Billingham et al. 9 reported
that thickening of the subchondral bone precedes articular
cartilage degradation. The course of this disease can be
accelerated by meniscectomy which rapidly reproduces all
the features of the spontaneous pathology.10 Accordingly,
in the present study, we analysed the early events at the
subchondral bone level in the meniscectomized (MNX)
guinea pig model: using dual-energy X-ray absorptiometry
(DXA) with a high resolution mode software, bone densi-
tometry (BMD) was measured at the lateral and medial
sides of the femoral condyle and then BMD-M was com-
pared to the histological parameter of bone mass (bone
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its medial side. We detected significant modifications of
BMD at the medial side of the affected femurs as early as 1
month post-meniscectomy and emphasized the usefulness
of DXA as an accurate method to detect bone mass
variations precociously in this accelerated animal model
of OA.Materials and methods
ANIMALS
Male Hartley albino guinea pigs obtained from Charles
River (Cle´on, France) were housed four per cage in
63×54×30 cm (width×depth×height) cages and main-
tained at 21°C with a 12 h/12 h light/dark cycle. Animals
were fed a certified guinea pig breeding diet (diet 114 from
U.A.R., Villemoisson, France) ad lib. At the beginning of the
study, the animals were 12 weeks of age and weighed
about 650 g. Ethical guidelines for experimental investi-
gations in animals were followed, and the experimental
protocol was used after ‘IdRS animal experimentation ethic
committee’ acceptance.SURGICAL OPERATION
Partial medial meniscectomy was done on the left knee
of 21 guinea pigs anesthetized by inhalation of isoflurane
(Abbott Laboratories, Rungis, France) at 5% concentration
in a mixture of 50% oxygen and 50% nitrous oxide. The
technical aspect of the operation followed previously pub-
lished surgical procedures by Bendele.10 Twenty-four ani-
mals underwent control surgery in which the joint capsule
was opened by transection of the medial collateral ligament
and the meniscus was left intact. After the operation, the
collateral ligament was sutured and the skin incision
closed with two wound clips and disinfected with povidone
(Betadine®, Asta Medica).FOLLOW-UP STUDY AND SAMPLING AT DEATH
During the study, all the guinea pigs were healthy as
indicated by maintenance of normal body weight and food
consumption.
Sham (SH) and MNX animals were killed by exsangui-
nation under isoflurane anesthesia at 1 month (12 SH and
10 MNX) and 3 months (12 SH and 11 MNX) post-surgery.BONE SAMPLES
The left and right femur and tibia were stripped of tendon
and musculature. Immediately after dissection, the femur
was placed in 80% alcohol for densitometric measure-
ments and the tibia in 10% formalin for histomorphometric
analysis.BONE DENSITOMETRY (DXA)
DXA measurements were made with a Hologic QDR-
1000 X-ray bone densitometer (Hologic France S.A.,
Massy, France) using an ultra-high resolution software
program. Femurs were placed under a 3-cm water depth
before scanning. In the resulting scans, two subregions of
interest (ROI) were generated (pentagon shaped, 0.229 cm
high and 0.318 cm large) and precisely positioned in the
distal extremity of the femur, the edge of the pentagonbeing superimposed along the edge of the condyle (Fig. 1).
Those two subregions of equal surface include respectively
the lateral and medial part of the subchondral bone of the
femoral condyle. Thus, for each femur, the following
parameters were acquired: bone mineral density at the
lateral side (BMD-L, g/cm2) and bone mineral density at
the medial side (BMD-M, g/cm2) of the condyles.PRECISION OF DXA
The reproducibility of BMD measurement was deter-
mined by calculating the coefficient of variation (CV=100×
SD/mean) of BMD-L and BMD-M measured in five femurs
which were successively scanned five times, each time
after repositioning of bone. The retained CV was the mean
of the five CV obtained for each femur.CARTILAGE HISTOLOGY AND BONE HISTOMORPHOMETRY
Bone samples were prepared according to previously
described histological procedures.11,12 Undecalcified sec-
tions (7-ìm thick) of the tibial plateau were cut with a
polycut E (Reichert Jung, Cambridge Instruments GmBH,
Germany) in the coronal plane of the attachment of the
menisco-femoral ligament. Four non-consecutive sections
obtained at 100 ìm intervals, were stained with safranin O
and counter-stained with light green. Cartilage degradation
features were analysed using the scoring system devel-
oped by Colombo et al.13 modified by Kikuchi et al.14 The
following eight parameters were graded: loss of superficial
layer, erosion of cartilage, fibrillation and/or fissures, loss of
stainable proteoglycan, disorganization of chondrocytes,
loss of chondrocytes, cluster formation and exposure of
subchondral bone. Each item was graded from 1–4. The
sum of the values of each item was regarded as a global
histological score. Furthermore, the BV was measured
automatically at ×12.5 magnification using the OS program
of a Biocom image analyser (Les Ulis, France) connected
to a Polyvar 2 microscope by a CCD sorting camera
(Sony). This parameter was measured within the epi-
physeal bone area situated between the articular and the
growth-plate cartilages, excluding the central zone under
the ligament insertion (see the black line delineating this
area on Fig. 2). The resulting parameter was expressed as
per cent amount of bone under the medial tibial plateau
(BV-M). All sections were read blindly.STATISTICAL ANALYSIS
Data were expressed as mean±standard error of the
mean (SEM) or range for the graded parameters. The
significance of differences between mean values was
assessed by an unpaired Student’s t-test (for comparison
of MNX with SH) or by a paired Student’s t-test (for
comparison of left with right parameter) for densitometric
parameters and BV-M. For the histopathological score
(global score), the significance of difference between mean
values was assessed by an unpaired Mann and Whitney
test (MNX vs SH) or by a paired Wilcoxon test (lateral vs
medial). Pearson’s correlation coefficients (r=simple corre-
lation) were calculated between BV-M and BMD-M at the
two grouped or separated time points (1 and 3 months). In
order to statistically exclude the influence of experimental
surgery (MNX or SH) and/or of time on the level and the
significance of the correlation, Spearman’s correlation
coefficients (r¢ =partial correlation) were also calculated
between these bone mass parameters.
Fig. 1. Image of a guinea pig femur scan after DXA subregional
analysis. R1: medial side of the condyle; R2: lateral side of the
condyle.Fig. 2. Undecalcified stained section of the proximal tibia (medial
side): visualization of the exact area (within the black line) used to
measure the bone volume (BV-M).Fig. 3. Undecalcified sections (Safranin O-staining; magnification, ×20) obtained in sham-operated guinea pig at the medial (a) and lateral
(b) sides of the left tibia, and in meniscectomized guinea pig at the medial (c) (site of removal of the meniscus) and lateral (d) sides of the
operated left tibia, 1 month after the operation.
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CARTILAGE HISTOLOGY OF THE OPERATED LEFT TIBIA
Figures 3 and 4 show representative safranin O-stained
sections of operated knee joints in SH and MNX animals,
respectively 1 (Fig. 3) and 3 months (Fig. 4) after the
operation. The medial sections in MNX demonstrated de-
generation of the medial tibial plateau which increased from
1 (Fig. 3c) to 3 months (Fig. 4c) post-operation, character-
ized by a significant increase of the global histological score
at the left medial site in MNX 1 month (P<0.01) and 3
months (P<0.01) following the operation (Table I). The
lateral tibial plateau contained a few superficial cartilage
lesions, indicated by loss of cartilage staining or disorgani-
zation of chondrocytes, but was otherwise normal (Figs 3d
and 4d). There was no microscopic evidence of knee joint
damage in the SH animals (Table I, Figs 3a, b and 4a, b).PRECISION OF DENSITOMETRIC MEASUREMENTS
After five consecutive measurements with repositioning
(N=5), over a short period of time (1 week), the reproduc-
ibility of BMD-L and BMD-M was respectively 2.1±0.3%
and 3.0±0.5%.BONE DENSITOMETRIC MEASUREMENT AT THE DISTAL PARTS OF
THE FEMUR
One month after meniscectomy, BMD was significantly
lower in the operated left femur in MNX animals than in SH,
both at the lateral (BMD-L: −7.4%, P<0.01) and the medial
(BMD-M: −10.7%, P<0.01) parts of the femoral condyle
(Table IIa). No difference was observed between MNX and
SH in the right femur. When comparing the left to the right
contralateral femur, differences were only noted in the
MNX group, in which BMD-L tended to be lower (−4.5%,
P=0.052), and BMD-M was significantly lower (−9.0%,
P<0.01) in the left than in the right femur (Table IIa).
Three months after meniscectomy, the only difference
was in the MNX group, in which BMD-M was significantly
higher in the operated left femur than in the right (+3.7%,
P<0.05) (Table IIb).BONE VOLUME OF THE PROXIMAL TIBIAL EPIPHYSIS IN ITS MEDIAL
SIDE (BV-M)
In order to explain the variations of bone density
observed at the medial side of the femur, BV-M was
measured at the tibia level, 1 and 3 months after theFig. 4. Undecalcified sections (Safranin O-staining; magnification= ×20) obtained in sham-operated guinea pig at the medial (a) and lateral
(b) sides of the left tibia, and in meniscectomized guinea pig at the medial (c) (site of removal of the meniscus) and lateral (d) sides of the
operated left tibia, 3 months after the operation.
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difference between SH and MNX both on the right and on
the left side of the tibia. Furthermore, BV-M did not show
any difference between left and right tibias in SH, but
tended to be higher in MNX after 3 months on the operated
left side when compared with the contralateral side (+4.4%,
P<0.06) (Table III).CORRELATIONS BETWEEN HISTOLOGICAL AND DENSITOMETRIC
PARAMETERS OF BONE MASS AT THE MEDIAL SIDE OF THE KNEE
Taking into account all the animals (SH+MNX) at the two
periods of measurements (1 and 3 months post-operation),the linear correlations between the parameters of bone
mass evaluated by histomorphometry (tibial BV-M) and
densitometry (femoral BMD-M) were all statistically signifi-
cant both in the operated left and in the right contralateral
knees (Table IV). The highest coefficient was obtained for
the correlation of BV-M with BMD-M (r=0.59, P<0.001) in
the left knee, the coefficient of partial correlation being
weaker but also significant (r¢ =0.36, P<0.05).
Separating MNX from SH animals but grouping the two
periods of measurements, r values were still statistically
significant (Table IV). In the left knee, r value was weak in
the SH group (r=0.41, P<0.05) while the highest correlation
was still obtained in the left knee in the MNX group (r=0.74,
P<0.001) (Fig. 5) with a coefficient of partial correlationTable I
Histological data 1 and 3 months after operation
Histopathological scores measured in the cartilage at the medial and lateral sites of the proximal left tibia
1 month post-operation 3 months post-operation
SH MNX SH MNXMedial Lateral Medial Lateral Medial Lateral Medial Lateral
Loss of superficial layer 1.0 (1–1) 1.0 (1–1) 2.6 (1–4) 1.1 (1–2) 1.9 (1–4) 1.1 (1–2) 3.6 (3–4) 1.2 (1–2)
Erosion of cartilage 1.0 (1–1) 1.0 (1–1) 2.6 (1–3) 1.0 (1–1) 1.5 (1–4) 1.0 (1–1) 3.5 (3–4) 1.0 (1–1)
Fibrillation and/or fissures 1.0 (1–1) 1.0 (1–1) 2.7 (1–4) 1.0 (1–1) 1.4 (1–3) 1.0 (1–1) 3.2 (2–4) 1.0 (1–1)
Loss of proteoglycan 1.4 (1–3) 1.4 (1–3) 2.4 (1–4) 1.8 (1–3) 1.5 (1–3) 1.4 (1–3) 2.4 (1–4) 1.1 (1–2)
Disorganization of chondrocytes 1.8 (1–3) 1.5 (1–3) 3.6 (2–4) 1.4 (1–3) 2.4 (2–3) 1.3 (1–2) 3.6 (3–4) 1.7 (1–4)
Loss of chondrocytes 1.5 (1–2) 1.5 (1–3) 3.1 (2–4) 1.4 (1–3) 1.9 (2–3) 1.3 (1–2) 3.2 (2–4) 1.5 (1–3)
Exposure of subchondral bone 1.0 (1–1) 1.0 (1–1) 1.0 (1–1) 1.0 (1–1) 1.0 (1–1) 1.0 (1–1) 1.4 (1–3) 1.0 (1–1)
Cluster formation 1.1 (1–2) 1.5 (1–3) 1.9 (1–4) 1.8 (1–3) 1.1 (1–2) 1.4 (1–2) 1.3 (1–3) 1.8 (1–4)
Global score 9.8±0.4 10±0.6 19.8±1.2a 10.3±0.6b 12.7±1.0 9.4±0.4 22.2±0.8a 10.2±0.6c
Data: mean (range) for each parameter; mean±s.e.m. for the global score.
Statistics: Mann and Whitney test (unpaired): a: vs SH, medial site at the corresponding time (P<0.01). Wilcoxon paired sample test in
MNX: vs medial site (b: P<0.01 and c: P<0.001).Table IIa
Data obtained from DXA 1 month after operation
BMD measured in the lateral (BMD-L) and medial (BMD-M) parts of the femoral condyle
Femurs SH (N=12) Statistics*
(MNX vs SH)
MNX (N=10)
Mean s.e.m. Mean s.e.m.
BMD-L (g/cm2) Left 0.2973 ±0.0049 P<0.01 0.2752 ±0.0061
Right 0.3020 ±0.0052 ns 0.2881 ±0.0059
Statistics* (left vs right) ns P=0.052
BMD-M (g/cm2) Left 0.2857 ±0.0055 P<0.01 0.2551 ±0.0071
Right 0.2804 ±0.0044 ns 0.2802 ±0.0041
Statistics* (left vs right) ns P<0.01
*Student’s t-test, paired (left vs right) and unpaired (MNX vs SH).Table IIb
Data obtained from DXA 3 months after operation
BMD measured in the lateral (BMD-L) and medial (BMD-M) parts of the femoral condyle
Femurs SH (N=12) Statistics*
(MNX vs SH)
MNX (N=11)
Mean s.e.m. Mean s.e.m.
BMD-L (g/cm2) Left 0.3215 ±0.0049 ns 0.3171 ±0.0068
Right 0.3218 ±0.0071 ns 0.3144 ±0.0061
Statistics* (left vs right) ns ns
BMD-M (g/cm2) Left 0.3090 ±0.0050 ns 0.3149 ±0.0064
Right 0.3160 ±0.0053 ns 0.3037 ±0.0038
Statistics* (left vs right) ns P<0.05
*Student’s t-test, paired (left vs right) and unpaired (MNX vs SH).
Osteoarthritis and Cartilage Vol. 7 No. 5 471Discussion
The present study examined bone mass changes in
experimental OA induced by partial removal of the medial
meniscus in left knee joints of young adult guinea pigs. This
animal model was chosen because it rapidly develops
significant destructive cartilage changes, quite similar to
those observed in human OA.10 Indeed, cartilage degra-
dation started to appear as early as 1 month post-surgery,
and severe lesions were found in all animals after 3 months
with all the features described by Meacock et al.7 In this
situation of active cartilage degeneration the present
results show that DXA, using a commercially-available
machine in an ultra-high resolution mode, is a sensitive
method for bone densitometric measurements at the
subchondral bone level of guinea pig femurs. Accurate
evaluation in the subregional sides of the lateral and medial
condyles was possible after precise positioning of dis-
sected bones using special software developed for singlealso significant (r¢ =0.63, P<0.01). Concerning the contra-
lateral side, correlation between densitometric and histo-
morphometric parameters was also significant both for SH
and MNX animals (Table IV), but r¢ values never reached
significant levels.
Finally, considering each group of animals at each time
point, r values were only significant in the left knee of MNX
animals both 1 month (r=0.64, P<0.05; Fig. 6a) and 3
months (r=0.61, P<0.05; Fig. 6b) after meniscectomy.Fig. 5. Correlation between the bone volume of the medial tibial
epiphysis (BV-M) and the bone mineral density of the medial side
of the femoral condyle (BMD-M) measured in the left knee of MNX
animals at the two time points (1 and 3 months post-operation)
(r=0.74, P<0.001, N=21).bones. The femur was preferred to the tibia for BMD
analysis because of its precise positioning, the presence of
the fibula restricting tibial positioning. In addition, osteo-
phytosis that clearly and rapidly appears in the outer rim of
the medial tibial plateau appears at a lesser extent in the
femoral condyle.7 Furthermore, the positioning of the ROI
on the femur excludes at least partially the outer rim of the
femoral condyles where osteophytosis generally takes
place. All those conditions minimize the influence of
chondrophyte development on BMD changes in the femur.
In the two selected subregional sides, the results of CV
were in agreement with other subregional findings in rat
femurs.15–18. Such variations enable the detection of small
changes over a short period of time. Indeed, significant
changes were detected comparing affected joints to the
contralateral ones or to the SH joints. Differences were
observed 1 month after meniscectomy comparing MNX to
SH at the left tibio-femoral joint with a significant decrease
of both BMD-M and BMD-L. The paired t-test, comparing
the affected left femurs to the contralateral ones, identified
a significant reduction of BMD-M measurement in MNX. In
contrast, a significant increase of BMD-M was observed
after 3 months in MNX when comparing the left to the right
joint. Importantly, this type of comparison using paired t-test
confirms the specific effect of meniscectomy on boneTable III
Histological data 1 and 3 months after operation
Bone volume measured in the epiphysis at the medial site of the proximal tibia (BV-M, %)
Time post
operation
Tibias SH Statistics*
(MNX vs SH)
MNX
Mean s.e.m. Mean s.e.m.
1 month Left 72.98 ±0.99 ns 73.19 ±1.24
Right 71.59 ±1.03 ns 71.45 ±0.86
N= 12 10
Statistics* (left vs right) ns ns
3 months Left 76.46 ±0.90 ns 78.63 ±1.44
Right 75.15 ±0.73 ns 75.31 ±0.95
N= 12 11
Statistics* (left vs right) ns P=0.06
*Student’s t-test, paired (left vs right) and unpaired (MNX vs SH).Table IV
Correlation coefficients between BV-M and BMD-M measured on
the left and the right knee in SH and/or MNX animals, at the 2
grouped time-points (1 and 3 months)
SH+MNX N
Left knee r=0.59*** SH r=0.41* 24
(r¢ =0.36*) (r¢ =0.10)
MNX r=0.74*** 21
(r¢ =0.63**)
Right knee r=0.46** SH r=0.49* 24
(r¢ =0.15) (r¢ =0.27)
MNX r=0.45* 21
(r¢ =0.07)
r: Linear correlation coefficient (r¢ : partial correlation coefficient).
Statistical significance of r and r¢ values: ***P<0.001; **P<0.01;
*P<0.05.
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mass that spontaneously develops in guinea pigs.19
These significant changes in bone density, a decrease
followed by an increase of BMD-M, suggest intense vari-
ations of bone metabolism during the progression of OA in
this model. The early phase of decreased bone density
could be the result of stimulation of bone resorption, as
previously reported in spontaneous OA in the guinea pig, in
which cartilage degeneration is preceded by loss of
subchondral trabecular bone.9 The same authors reported
that the increased remodeling of trabecular bone in this
latter model was associated with increased cathepsin
levels.20 Expression of matrix metalloproteases (MMPs) at
the subchondral bone level in guinea pig OA has only been
reported at cartilage level for MMP-1 and MMP-13 in
spontaneous pathology.21 Since MMPs play a role in osteo-
clast bone resorption,22,23 they could be in part responsible
for this supposedly induced bone loss. Another explanation
for the early decrease in bone density could be a defect in
the mineralization pattern as reported in human OA.4,24
Nevertheless a significant correlation was obtainedbetween BMD-M and BV-M at this early stage of the
disease in MNX, as shown in Fig. 6a, demonstrating that
the decrease of bone density is a consequence of
decreased bone mass and not of decreased bone
mineralization.
The increased bone density, observed 3 months after
meniscectomy, is in accordance with the bone sclerosis
described in advanced OA, both in human,25 primate26 and
guinea pig.8,9 This reflects profound modifications of bone
metabolism which has been characterized in human OA by
an increased cancellous bone collagen metabolism.4 This
greater activity at the subchondral bone level has been
associated with a higher degradative potential of OA bone
as demonstrated by an increased MMP-2 activity.4 But in
this situation of bone densification, the balance is in favor of
excessive bone formation. It was demonstrated in vitro that
the human OA osteoblast at the subchondral level showed
an altered phenotype, secreting in particular high levels of
IGFI27 which may contribute to the stimulation of bone
formation.28 This agreed with previous human studies in
which increased bone density in patients with OA was
associated with increased skeletal concentrations of the
osteogenic factors TGFâ,4,29 IGFI and IGFII.29
The variations of bone density observed in the present
study confirm the relative pre-eminence of bone in the
aetiopathology of OA, and the early observed bone mass
changes support the previous suggestion of bone events
being primary in the initiation of the pathology.2 This latter
suggestion has been reinforced by in-vitro studies which
showed that bone cells from OA patients can influence
cartilage metabolism.30 But in the conditions of the present
study we cannot definitely state on bone changes being
primary or secondary since bone and cartilage modifi-
cations were concomitantly present as soon as 1 month
following the surgery. An even earlier evaluation (less than
4 weeks post-meniscectomy) would be needed to state on
this point. More generally, whether thickening of subchon-
dral bone precedes cartilage fibrillation is an interesting
question and still remains a subject of debate.31
The present results also underline the usefulness of
bone densitometry as an accurate method for measure-
ment of subchondral bone mass in experimental OA.
Despite the limited number of animals studied, a positive
correlation was shown between BMD and bone volume,
both being evaluated at the same medial side of the knee
joint. The strongest correlation was observed in MNX left
knees in which bone modifications rapidly appeared as
early as 1 month post-meniscectomy. A relatively high
significant partial correlation was observed, expressing the
statistical link between BMD-M and BV-M, whatever the
time considered. This is in agreement with the usefulness
of DXA for the clinical monitoring of OA emphasized by
Dieppe32 who classified DXA as a very sensitive non-
invasive method of assessing changes in subchondral
activity and joint loading.
In conclusion, the DXA densitometric analysis allows
rapid and accurate detection of bone mineral density at
subchondral bone level of the femur in MNX guinea pigs. It
is a simple method compared with MRI which remains
complexe and expensive. Moreover, significant variations
of BMD in the OA-affected sides of the knee confirm the
pre-eminent role of subchondral bone in the early events
leading to the active degradation of articular cartilage in this
animal model of OA.Fig. 6. Correlation between the bone volume of the medial tibial
epiphysis (BV-M) and the bone mineral density of the medial side
of the femoral condyle (BMD-M) measured in the left knee in MNX
animals, 1 month (a) and 3 months (b) post-meniscectomy.
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